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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a process for vitrification of a porous preform for an optical fiber by heating
the preform. In particular, the present invention relates to an improved process for the heating vitrification of a porous
glass preform in which the preform is heated to be vitrified in an atmosphere comprising a reduced pressure or a
vacuum pressure so that the preform including a less amount of bubbles and impurities is stably produced over an
extended period whereby an optical fiber having a good transmission properties can be produced from the preform.

Description of the Related Art

[0002] A glass preform comprising fine glass particles produced by the Vapor Deposition Method such as the Vapor
Phase Axial Deposition (VAD) Method or the Outside Vapor Deposition (OVD) Method is heated to an elevated tem-
perature in an electrical furnace so that it is vitrified to be a glass article. Conventionally, such a heating vitrification
process is carried out by traversing the preform across a narrow heating zone at a normal pressure under an atmosphere
comprising an inert gas such as He (helium) optionally containing a slight amount of a halogen (particularly chlorine)
gas. The process may be referred to as the Zone Heating Process. Alternatively, the preform is vitrified by placing it
in an electrical furnace having a large heating space enough to heat whole the preform uniformly and increasing a
furnace temperature gradually. The process may be referred to as the Temperature Holding Process.
[0003] In the processes as described above, there is a problem during the heating vitrification treatment of the preform
that voids (which will be, herein, referred to as "bubbles") are left in a produced glass article. Such bubbles are generated
from gases originally confined between the fine glass particles and/or dissolved in the glass particles during the heating
vitrification. In addition, the bubbles may be sometimes produced during a process at a high temperature after the
heating vitrification. Japanese Patent Kokai Publication Nos. 201025/1988 and 275441/1989 propose processes for
the vitrification of the preform under a reduced pressure or a vacuum pressure. In these processes, it can be expected
that nearly no gas (thus, bubble) remains in the resulted glass article because the reduced or the vacuum atmosphere
removes the gases in the porous preform for the optical fiber. The term "reduced pressure" herein used is intended to
mean a pressure less than 5 kPa. The term "vacuum pressure" herein used is intended to mean a pressure less than
5 Pa without gas supply nor evacuation rate control.
[0004] One example of an apparatus is shown in Fig. 2 which can be used in the conventional process for the heating
vitrification of the preform for the optical fiber under the reduced pressure or the vacuum pressure. In Fig. 2, the nu-
merical number 31 indicates a furnace body (or a pressure vessel), 32 does a muffle tube, 33 does a heater, 34 does
a heat shield 35 does a gas inlet, 36 does a gas outlet and 37 does a vacuum pump.
[0005] When a porous preform 38 for an optical fiber is heating vitrified, it is held in the muffle tube 32 and heated
to a temperature not higher than 1700 °C while whole the furnace body 31 is maintained at a vacuum pressure with
evacuating the furnace body by the vacuum pump 37. Optionally, any required gas can be added in and withdrawn
from the pressure vessel 31 through the inlet 35 and the outlet 36 with using the vacuum pump 37.
[0006] Some relationships between a gas supply to the furnace, a gas evacuation from the furnace and a heating
temperature increasing rate pattern are disclosed for the heating vitrification using the above apparatus.
[0007] Examples of the relationships described in Japanese Patent Kokai Publication No. 201025/1988 are shown
as follows:

(1) Vitrification process under vacuum pressure:

Temperature From R.T.* to 1000 °C
*(Room Temperature)

From 1000 °C to 1600 °C

Temp. Increasing Rate 20 °C/min. 5 °C/min.
Pressure < 0.65 Pa < 1.3 Pa

(without evacuation rate control)
Gas Supply Non Non

(2) Vitrification process under reduced pressure:

Temperature From R.T. to 1000 °C From 1000 °C to 1600 °C
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[0008] Other examples of the relationship as described in Japanese Patent Kokai Publication No. 275441/1989 are
shown as follows:

[0009] In each of the processes in which the above relationships (2), (3) and (4) are carried out, the gas was supplied
to the inside of the muffle tube.
[0010] In the process in which the conventional apparatus is used for the heating vitrification, a certain amount of a
gas is supplied to the furnace while a evacuation rate of the gas from the furnace is controlled in order that the pressure
in the furnace is maintained constant.
[0011] However, the preform before thermally treated includes and/or adsorbs a large amount of water and oxygen
therein, which are liberated into the inside of the furnace when the preform is thermally treated, whereby carbon material
which is often used for the muffle tube, the heater and also the heat shield of the heater is exhausted due to oxidation
caused by water and oxygen. In addition, members constituting the furnace which are made of a stainless steel material
are also oxidized to degradation.
[0012] Such oxidation and/or degradation may not be a problem from a view point of short period from the beginning
of the use, but there arise following problems when the furnace is used for the heating vitrification of a number of the
preforms over a long period:

a. The exhausted carbon members should be replaced;
b. Powder which is generated on the exhaustion of the carbon material may attache to the glass preform, which
causes the bubble generation in the preform;
c. When the furnace is degraded due to the oxidation to gather rust, the rust may fall down in the muffle tube and
be mixed into the preform, which inversely affects the transmission properties of the optical fiber which is produced
from the preform;
and
d. In connection with the above "c", removal of the rust should be often carried out very carefully.

[0013] In addition, when the glass preform for the optical fiber is dehydrated using a halogen gas or a halide gas, a
product gas is generated by a reaction of the halogen gas or the halide gas with water liberated from the preform. For
example, when the halogen gas is chlorine gas, hypochlorous acid is generated. Oxidation of the carbon material or
the stainless steel material is enhanced by such a product gas compared with the case in which only water is present.
This problem is very critical when the halogen gas or the halide gas is used.

(continued)

(2) Vitrification process under reduced pressure:

Temp. Increasing Rate 20 °C/min. 5 °C/min.
Pressure 13 Pa 13 Pa (with evacuation rate control)
Gas Supply Ar 10 scc*/min.

*(standard cubic centimeter)
Ar 10 scc/min.

(3):

Temperature From R.T. to 1600 °
Temperature Increasing Rate 8 °C/min.
Pressure 10 Pa (with evacuation rate control)
Gas Supply He 200 scc/min.

(4):

Temperature From R.T. to 1000 °C From 1000 °C to 1600 °C
Temp. Increasing Rate 6 °C/min. 8 °C/min.
Pressure 10 Pa 10 Pa (with evacuation rate control)
Gas Supply Cl2 100 scc/min. He 100 scc/min.
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SUMMARY OF THE INVENTION

[0014] In view point of the above problems, it is an object of the present invention to provide a process for the heating
vitrification of a porous glass preform for an optical fiber in which a number of the porous glass preforms for an optical
fiber are stably vitrified over a long period by heating the preform.
[0015] According to the present invention, there is provided a process for the vitrification of a porous glass preform
for an optical fibre by heating the preform in a vacuum furnace comprising a muffle tube, whereby the heating temper-
ature is increased in a first step under a pressure of 5 kPa or less while supplying at least an inert gas to the furnace,
and the heating temperature is further increased in a second step, whereby the muffle tube is made of carbon material,
the pressure in the vacuum furnace is adjusted by controlling the amount of gas supplied to the vacuum furnace rather
than by limiting the evacuation capacity of the evacuating means, the pressure in the vacuum furnace to be set in the
first step is at least five times as high as the pressure in the vacuum furnace setting itself by liberation of gases from
the preform and the vacuum furnace when the preform is vitrified in a vacuum without gas supply and in the second
step no gas is supplied to the furnace in which a vacuum is maintained.
[0016] In the present invention, the terms "reduced pressure" and "vacuum pressure" are intended to mean the same
pressure range, gas supply and evacuation rate control as described in "Description of the Related Art". Further, the
increasing pattern of the heating temperature in each step is preferably programmed. For example, the heating tem-
perature is programmed to increase by some degrees centigrade per minute.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Fig. 1 schematically shows an apparatus for the process for the heating vitrification of the preform according
to the present invention.
[0018] Fig. 2 schematically shows an apparatus for the process for the conventional heating vitrification of the pre-
form.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention will be, hereinafter, described in detail.
[0020] According to the present invention, in the first step of the increasing pattern of the heating temperature, the
porous glass preform for the optical fiber (hereinafter, often referred to as merely "preform") is heated while gases
which have been adsorbed to or included in the preform are liberated therefrom. In second step of the increasing
pattern of the heating temperature, the preform is vitrified. A boundary temperature between the first step and the
second step is preferably set in the range between about 1100 and about 1450 °C.
[0021] The boundary between the first step and the second step is not necessarily an instantaneous period, but it
may be a certain period and the gas supply to the vacuum furnace may be reduced continuously and gradually or
stepwise during such a period.
[0022] It is a purpose of the first step that oxygen and water is removed which are liberated into the inside of the
furnace from the preform and surfaces of furnace members and remain in the furnace. The pressure in the vacuum
furnace is preferably not less than 20 Pa, more preferably not less than 50 Pa, and preferably not more than 5 kPa,
more preferably not more than 1 kPa, for example about 100 Pa.
[0023] In order to evacuate the liberated gas from the vacuum furnace as soon as possible, the furnace is evacuated
at a maximum capacity of the evacuating means and the flow rate of the supplied gas is controled to achieve the above
pressure.
[0024] When the first step is carried out, it is not critical whether the pressure in the furnace is controlled to be constant
by using supply gas flow rate control or the gas flow rate is to be constant.
[0025] The flow rate of the gas supply to the furnace is selected such that the pressure in the furnace at which the
present process is to be carried out is about five times or more as large as the pressure in the furnace when a preform
which is the same as the preform to be vitrified is heated under the same temperature increasing rate pattern as in
that of the practice of the present process except that no gas is supplied. The pressure has an upper limit of 5 kPa.
Any pressure below the limitation may be selected under consideration of the gas consumption cost.
[0026] Helium is the most preferable gas which is supplied to the furnace in the first step since it induces no bubble
problem and thus no inverse effect on transmission properties of the optical fiber produced from the resultant preform.
[0027] When a required amount of He is supplied fully to the inside of the muffle tube, it flows at a very high speed
under a pressure near the vacuum pressure, so that the glass preform may be broken by the high speed He. Thus,
He is preferably supplied to the outside of the muffle tube in the vacuum furnace or only a portion of He is supplied to
the inside of the muffle tube and the balance is supplied to the outside of the muffle tube.
[0028] In the second step, there is almost no gas liberated from the preform. At that time, if the pressure in the furnace
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is high, bubbles are likely to be generated in the vitrified preform.
[0029] Therefore, in the process of the invention, vitrification is carried out with no supply of the gas.
[0030] The pressure in the furnace during the second step is preferably less than 5 Pa. As in the first step, the gas
evacuation capacity is not controlled.
[0031] When a preform for a core of a single mode optical fiber is thermally treated, a halogen gas or a halide gas
such as chlorine gas, SiCl4 gas or CCl4 gas is sometimes used in combination with He gas so that dehydration of the
preform is also carried out. In such a case, the halogen gas or the halide gas is preferably supplied only during a certain
period of the first step since such a gas enhances the oxidation and the degradation of the furnace body and the muffle
tube as described above.
[0032] Thus, the halogen gas or the halide gas supply is limited to a certain period wherein a temperature is available
which is sufficient to dehydrate the preform with the halogen gas or the halide gas and which is below a temperature
at which the preform shrinks so that the halogen gas or the halide gas is not included in preform. Concretely, the
halogen gas or the halide gas supply is preferably carried out at a temperature in a range between 1000 °C and 1200
°C depending on the temperature increasing rate pattern.
[0033] When the halogen gas or the halide gas is supplied, a partial pressure of the halogen gas or the halide gas
in the furnace is preferably kept not lower than a certain pressure. Concretely, the partial pressure is, for example, not
lower than 200 Pa and not higher than 5 kPa.
[0034] In order that the halogen gas or the halide gas is supplied to the circumference of the preform as much as
possible and is supplied to the outside of the muffle tube as little as possible, it is preferable that the halogen gas or
the halide gas is supplied to only the inside of the muffle tube and He is supplied to the outside of the muffle tube of
the vacuum furnace, or a portion of He is supplied to the inside of the muffle tube and the rest is supplied to the outside
of the muffle tube.
[0035] The functions and the effects of the present heating vitrification for the preform will be explained below.

(1) In the first step, the oxidation and/or the degradation of the carbon made members in the furnace body and
the oxidation and/or the rusting of the stainless steel made members in the furnace body both due to the water
and the oxygen attaching to the preform and the furnace members are suppressed.

Reasons for which the above effect is obtained are shown as follows (i) to (v):

(i) In the muffle tube, a gas flow becomes a viscous flow under a pressure above 5 Pa. In such a pressure
region, a conductance is proportional to a pressure and an amount of an evacuated gas amount Q may be
expressed by an equation:

wherein Pf is a pressure in the furnace, Pp is a pressure at an inlet of a vacuum pump and = (Pf + Pp)/2.
Since the larger Pf is, the larger Pf - Pp becomes, the evacuated amount is, as a result, increased above a
proportional ratio. This means that the higher the pressure is, the shorter a residence time of produced gases
such as water (moisture) and oxygen in the furnace is, and thus, the possibility of the reaction of the gas with
the carbon made members and the furnace body is reduced. When the evacuation capacity is controlled (or
limited) in order to increase the furnace pressure, this effect is not obtained and the residence time of the
produced gases becomes longer, which causes an inverse effect.
(ii) Considering an evacuation rate and a pressure of a vacuum evacuation system, higher a pressure is, larger
an evacuation volume rate Qr (Qr = Q/ ) is in a pressure range up to a pressure of about 100 Pa in an
evacuation system preferably used in the present process such as an evacuation system comprising a rotary
pump and an evacuation system comprising a mechanical booster pump and a rotary pump.

The evacuation system comprising the rotary pump has the same tendency in a pressure range of 100
Pa to 5 kPa as in the pressure range up to about 100 Pa. With this effect, the residence time of the produced
gas in the furnace is reduced as in the above (i), so that possibility of the reactions of the produced gases and
the carbon made members and the furnace body is decreased.

In an evacuation system comprising the mechanical booster pump, the evacuation rate is reduced when
the pressure is above 100 Pa so that the above effect is not obtained.
(iii) When the gas flow is changed from a molecular flow to the viscous flow, a gas flow from the inside of the
furnace to an exhaust line occurs. Thus, the produced gases are more likely evacuated without contact with
the carbon made members and the furnace body.
(iv) From a view point of the reactions of the carbon made members and the stainless steel made members
with the product gas, the possibility of such reactions is reduced when an amount of the product gas attaching

Q∝ P (Pf - Pp)

P

P
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to surfaces of the members is small. Therefore, by increasing a partial pressure of an inert gas in the furnace,
the amount of the inert gas attaching to the surfaces is increased and thus the reactions of the produced
moisture and oxygen gas with the carbon made members and the stainless steel made members are sup-
pressed.
(v) By supplying the inert gas mainly to the outside of the muffle tube, a produced gas flow from the inside of
the muffle tube to the outside of the muffle tube is prevented, whereby the reactions of the carbon and the
stainless steel with the produced gases are suppressed.

(2) In the second step, the inert gas is not supplied so that gas consumption is saved and also the generation of
the bubbles in the preform is prevented. In the other words, since one of the causes which induce the bubbles in
the preform is the remaining gas in the preform during the vitrification, it is very effective for the prevention of the
bubble generation to decrease the gas flow rate in the furnace to reduce the pressure in the furnace.

Another cause which induces the bubbles is the deposition of the carbon powder on the preform which is
generated by the degradation of the carbon made members during the vitrification step. When the pressure in the
furnace is reduced and the gas flow rate is reduced, optionally to zero, the carbon powder is prevented from floating
in the furnace with the gas flow so that the generation of the bubbles is suppressed.
(3) Because He is most unlikely to produce the bubbles in the preform, He is used as the inert gas, which is also
described in Japanese Patent Kokai Publication No. 201025/1988.
(4) Even though the halogen gas or the halide gas is used, the degradation and the oxidation of the carbon made
members and the stainless steel made members due to the product gas from the reaction between the halogen
gas or the halide gas and the water (for example, hypochlorous acid gas when chlorine gas is used as the halogen
gas), are minimized by optimizing the pressure condition for the dehydration of the preform with controlling the
evacuation capacity and by limiting the heating temperature within a temperature range effective for the dehydration
of the preform.

Preferred Embodiment of the Invention

[0036] One preferred embodiment of the present invention will be, hereinafter, described with reference to the ac-
companying drawing.
[0037] Fig. 1 schematically shows one embodiment of the heating apparatus which is suitable for the practice of the
present process for the heating vitrification of the preform.
[0038] Referring to Fig. 1, a muffle tube 1 is placed in a furnace body 4 with being surrounded by a heater 2 and a
heat shield 3. A porous preform 5 is held in the muffle tube 1 through a supporting rod 6, and an upper opening 1a of
the muffle tube 1 is covered with an upper cover 7. An opening 4a is provided on the top of the furnace body 4 which
corresponds to the upper opening 1a of the muffle tube 1. A front chamber 8 is provided on the furnace body 4 and is
communicated with the muffle tube 1 through the opening 4a. The front chamber 8 includes a door 9 which is used
when the preform is inserted in or removed from the front chamber. A gate valve (partition means) 10 is provided
between the front chamber 8 and the muffle tube 1 in order to open or close the opening 4a.
[0039] The muffle tube 1 is made of highly pure carbon and constructed by assembling an upper portion 11, a middle
portion 12 and a lower portion 13.
[0040] The porous preform 5 comprises a seed rod 14 which is attached to the tip of the supporting rod 6, a glass
core 15 which is attached to the tip of the seed rod 14 and a porous glass layer 16 which is provided around the glass
core 15.
[0041] The embodiment in Fig. 1 shows a case in which a preform is vitrified to produce a peripheral portion of the
optical fiber from the preform. The porous preform 5 comprises a porous glass body without the glass core 5 which is
wholly made of the porous glass and is attached to the tip of the seed rod 14 when a center portion of the optical fiber
is finally produced from the preform.
[0042] In Fig. 1, the numerical number 17 indicates a front chamber evacuation pump which is communicated with
the front chamber 8, 18 does a furnace body evacuation pump, 19 does an outlet line from the furnace body to a normal
pressure, 20 does a gas supply inlet to the furnace body, 21 does a gas supply inlet to the muffle tube, and 22 does a
glass made gas outlet from the muffle tube.
[0043] Since the apparatus shown in Fig. 1 comprises the front chamber which can be evacuated to a vacuum
(reduced) pressure separately from the muffle tube, the heating vitrification of the preform can be started from conditions
of a heating temperature in a range of 500 to 1000 °C under a vacuum pressure by placing the preform in the front
chamber, evacuating the front chamber to the vacuum pressure while the gate valve 10 is closed and the muffle tube
is kept at such an elevated temperature, and then inserting the preform into the muffle tube after opening the gate
valve. Namely, the heating temperature in the muffle tube does not have to be reduced to a room temperature on every
completion of the vitrification since a space defined by the front chamber and a space defined by the muffle tube are
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separated by the gate valve, and thus only a temperature of the front chamber has to be reduced while the heating
temperature is kept high in the muffle tube.
[0044] The present invention will be, hereinafter, described with reference to following Examples. In each Example
described below, the heating was started from conditions of the heating temperature of 800 °C and the vacuum pres-
sure.

EXAMPLES

Example 1

[0045] Using the apparatus as shown in Fig. 1, fifteen porous preforms each for the peripheral portion of the optical
fiber were vitrified by heating them under following conditions:

After the vitrification of the fifteen preforms, a weight loss of the muffle tube was measured and found to be 2 g. This
weight loss seems to be caused by the degradation and the oxidation of the highly pure graphite (carbon) made mem-
bers which constitute the muffle tube due to the water and the oxygen adsorbed by the preforms.
[0046] The resultant vitrified preforms included no bubble.

Comparative Example 1

[0047] Example 1 was repeated except that He was not used. Namely the conditions for the vitrification were as
follows:

The weight loss of the muffle tube was measured to be 8 g after the vitrification of the fifteen preforms. Namely, the
oxidation and degradation rate in Comparative Example 1 was four times as large as that of Example 1.
[0048] The resultant preforms included no bubble.
[0049] When the heating temperature was 1300°C, the pressure was reduced to about 1.5 Pa, which probably means
that liberation of the gases adsorbed by the glass preform had been almost finished by that time.

Comparative Example 2

[0050] Example 1 was repeated except that a small amount of He was supplied and the pressure in the furnace was
kept constant by controlling the evacuation rate. The operation conditions are as follows:

First Step Second Step

Temperature From 800 °C to 1300 °C From 1300 °C to 1600 °C
Temp. Increasing Rate 6 °C/min. 5 °C/min.
Pressure about 90 Pa From 0.5 to 1.5 Pa

(without evacuation control throughout first and second steps)

Gas Supply He 3 SLM*
*(Standard Liter/min.)

(All He was supplied to outside of muffle tube)

Non

First Step Second Step

Temperature From 800 °C to 1300 °C From 1300 °C to 1600 °C
Temp. Increasing Rate: 6 °C/min. 5 °C/min.
Pressure Range From 1.5 to 12 Pa From 0.5 to 1.5 Pa

(without evacuation control throughout first and second steps)

Gas Supply Non Non

First Step Second Step

Temperature From 800 °C to 1300 °C From 1300 °C to 1600 °C
Temp. Increasing Rate 6 °C/min. 5 °C/min.
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After the vitrification of fifteen preforms, the weight loss of the muffle tube was measured and found to be 7 g, which
means that the degradation and oxidation rate was so fast as that of Comparative Example 1.
[0051] The resultant preforms included no bubble.

Comparative Example 3

[0052] This Example was carried out in order to determine effects of gas species, a gas pressure and a gas supply
temperature. The operation conditions are as follows:

The resulted vitrified preforms included several tens of fine bubbles therein.
[0053] When the gas supply was changed to He in the above Comparative Example 3, the generation of the bubbles
was not observed.
[0054] When the gas supply of Ar was stopped at a temperature of 1300 °C, two fine bubbles were observed in the
preform.
[0055] When the gas supply of Ar was set to 300 scc/min. at a temperature above 1300 °C and the gas evacuation
control was not carried out (namely, with the maximum evacuation rate), the pressure in the furnace was 25 Pa. The
preform produced under these conditions included two fine bubbles therein.
[0056] It is understood from the above series of the experiments that He is preferable as the gas supply and the gas
supply is preferably reduced or stopped at a temperature above 1300 °C.

Comparative Example 4

[0057] The porous glass preforms for the center portion of the optical fiber were vitrified by heating them under
following conditions:

[0058] The resultant vitrified preforms included no bubble therein.
[0059] Optical fibers were produced from the resulted preforms and the transmission loss of the optical fiber was
measured at a wavelength of 1.55 µm and found to be so good as less than 0.22 dB/km.

(continued)

First Step Second Step

Pressure 100 Pa ± 5 Pa From 0.5 to 1.5 Pa

(with evacuation rate control up to 1300 °C and without evacuation rate control thereafter)

Gas Supply He 300 scc/min.
(All He was supplied to outside of muffle tube)

Non

First Step Second Step

Temperature From 800 °C to 1300 °C From 1300 °C to 1600 °C
Temp. Increasing Rate: 6 °C/min. 5 °C/min.
Pressure 300 Pa ± 5 Pa 300 Pa ± 5 Pa

(with evacuation rate control)

Gas Supply Ar 500 scc/min. Ar 500 scc/min.

(gas was supplied to outside of muffle tube)

First Step Second Step

Temperature: From 800 °C to 1300 °C From 1300 °C to 1600 °C
Temp. Increasing Rate: 6 °C/min. 5 °C/min.
Pressure 300 Pa ± 5 Pa From 0.5 to 2 Pa
Gas Supply:

Muffle Tube Inside Cl2 200 scc/min. Non
Muffle Tube Outside He 500 scc/min. Non

(with evacuation rate control up to 1300 °C and without evacuation rate control thereafter)
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The weight loss of the muffle tube after the vitrification of fifteen preforms was 11 g.

Comparative Example 5

[0060] Comparative Example 4' was repeated under the following conditions:

The resultant vitrified preforms included no bubble therein.
[0061] Optical fibers were produced from the resulted preforms and the transmission loss of the optical fiber was
measured at a wavelength of 1.55 µm and found to be so good as less than 0.22 dB/km.
[0062] The weight loss of the muffle tube after the vitrification of the fifteen preforms was 6 g.
[0063] It is understood from the above results that, in the case in which the halogen gas or the halide gas is supplied,
the weight loss of the muffle tube is reduced by supplying the gas only during the first step, preferably a certain part
of the first step and controlling the evacuation rate from the furnace only such a period and not controlling the evacuation
rate from the furnace during the other period.
[0064] As described with reference to the above Examples, according to the present invention, the degradation and
the oxidation of the carbon made members in the furnace induced by the water and the oxygen adsorbed in the preform
and also by the product gas of the reaction of the water with the halogen gas or the halide gas are suppressed.
[0065] In addition, the gas supply is saved and the generation of the bubbles is prevented during the second step.
[0066] Further, the prevention of the degradation and the oxidation of carbon material in the furnace extends a life
of the furnace. Also, the oxidation and the rusting of the stainless steel made members which constitute the furnace
is prevented, which reduces the number of maintenance of the furnace and simplifies the maintenance of the furnace.

Claims

1. A process for the vitrification of a porous glass preform (5) for an optical fibre by heating the preform in a vacuum
furnace comprising a muffle tube (1), whereby the heating temperature is increased in a first step under a pressure
of 5 kPa or less while supplying at least an inert gas to the furnace, and the heating temperature is further increased
in a second step, whereby the muffle tube (1) is made of carbon material, the pressure in the vacuum furnace is
adjusted by controlling the amount of gas supplied to the vacuum furnace rather than by limiting the evacuation
capacity of the evacuating means, the pressure in the vacuum furnace to be set in the first step is at least five
times as high as the pressure in the vacuum furnace setting itself by liberation of gases from the preform and the
vacuum furnace when the preform is vitrified in a vacuum without gas supply and in the second step no gas is
supplied to the furnace in which a vacuum is maintained.

2. The process for the vitrification according to claim 1 wherein the boundary between the first step and the second

First Step

Temperature: From 800 °C to 1100 °C 1100 °C From 1100 ° C to 1300 °C
Temp. Increasing Rate: 6 °C/min. 0 (for 30 min.) 6 °C/min.
Pressure: about 90 Pa 300 Pa ± 5 Pa about 90 Pa
Gas Supply:

Muffle Tube Inside Non Cl2 200 scc/min. Non
Muffle Tube Outside He 3 SLM He 500 scc/min. He 3 SLM

Second Step

Temperature: From 1300 °C to 1600 °C
Temp. Increasing Rate: 5 °C/min.
Pressure: From 0.5 to 2 Pa
Gas Supply:

Muffle Tube Inside Non
Muffle Tube Outside Non

(with evacuation rate control at temperature of 1100 °C and without evacuation rate control at other
temperature)
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step is set at a temperature between 1100° C and 1450°C.

3. The process for the vitrification according to claim 1 wherein the pressure in the vacuum furnace during the first
step is not lower than 20 Pa.

4. The process for the vitrification according to claim 1 wherein the pressure in the vacuum furnace during the second
step is not higher than 5 Pa.

5. The process for the vitrification according to claim 1 wherein the inert gas is helium gas.

6. The process for the vitrification according to claim 5 wherein the helium gas is supplied to the outside of the muffle
tube (1) of the vacuum furnace.

7. The process for the vitrification according to claim 5 wherein the helium gas is supplied to the outside and the
inside of the muffle tube (1) of the vacuum furnace.

8. The process for the vitrification according to claim 1 wherein the inert gas is helium gas and a halogen gas or a
halide gas is additionally supplied in the first step.

9. The process for the vitrification according to claim 8 wherein the halogen gas or the halide gas is supplied during
only a part of the first step while the helium gas is supplied throughout the first step.

10. The process for the vitrification according to claim 8 or claim 9 wherein the pressure in the vacuum furnace when
the halogen gas or the halide gas is supplied is adjusted by controlling the amount of the supplied gas and the
evacuation capacity of an evacuating means from the vacuum furnace, and the pressure in the vacuum furnace
when the halogen gas or the halide gas is not supplied is adjusted by controlling only the amount of the supplied gas.

11. The process for the vitrification according to claim 8 wherein the halogen gas or the halide gas is supplied to the
inside of the muffle tube (1) and the helium gas is supplied to the outside of the muffle tube.

12. The process for the vitrification according to claim 8 wherein the halogen gas or the halide gas is supplied to the
inside of the muffle tube (1) and the helium gas is supplied to the inside and the outside of the muffle tube.

13. The process for the vitrification according to claim 1 wherein the border between the first step and the second step
has a certain period and an amount of the gas comprising at least an inert gas is reduced during this period
gradually or stepwise.

Patentansprüche

1. Verfahren zur Vitrifizierung einer porösen Glasvorform (5) für eine optische Faser durch Erhitzen der Vorform in
einem Vakuumofen, umfassend ein Muffelrohr (1), wobei die Heiztemperatur in einem ersten Schritt unter einem
Druck von 5 kPa oder weniger erhöht wird, während mindestens ein Inertgas dem Ofen zugeführt wird, und die
Heiztemperatur in einem zweiten Schritt weiter erhöht wird, wobei das Muffelrohr (1) aus Kohlenstoffmaterial be-
steht, der Druck im Vakuumofen eher durch Kontrolle der Menge des dem Vakuumofen zugeführten Gases als
durch Beschränkung der Evakuierungskapazität der Evakuierungsmittel eingestellt wird, der einzustellende Druck
im Vakuumofen im ersten Schritt mindestens fünfmal so hoch ist wie der Druck im Vakuumofen, der sich selbst
durch Freisetzung von Gasen aus der Vorform und dem Vakuumofen einstellt, wenn die Vorform im Vakuum ohne
Gaszuführung vitrifiziert wird, und im zweiten Schritt dem Ofen, in dem ein Vakuum aufrecht erhalten wird, kein
Gas zugeführt wird.

2. Verfahren zur Vitrifizierung nach Anspruch 1, wobei die Grenze zwischen dem ersten Schritt und dem zweiten
Schritt bei einer Temperatur zwischen 1100°C und 1450°C eingestellt wird.

3. Verfahren zur Vitrifizierung nach Anspruch 1, wobei der Druck im Vakuumofen während des ersten Schrittes nicht
niedriger als 20 Pa ist.

4. Verfahren zur Vitrifizierung nach Anspruch 1, wobei der Druck im Vakuumofen während des zweiten Schrittes nicht
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höher als 5 Pa ist.

5. Verfahren zur Vitrifizierung nach Anspruch 1, wobei das Inertgas Heliumgas ist.

6. Verfahren zur Vitrifizierung nach Anspruch 5, wobei das Heliumgas der Außenseite des Muffelrohrs (1) des Vaku-
umofens zugeführt wird.

7. Verfahren zur Vitrifizierung nach Anspruch 5, wobei das Heliumgas der Außenseite und der Innenseite des Muf-
felrohrs (1) des Vakuumofens zugeführt wird.

8. Verfahren zur Vitrifizierung nach Anspruch 1, wobei das Inertgas Heliumgas ist, und ein Halogengas oder ein
Halogenidgas zusätzlich im ersten Schritt zugeführt werden.

9. Verfahren zur Vitrifizierung nach Anspruch 8, wobei das Halogengas oder das Halogenidgas während nur eines
Teils des ersten Schritts zugeführt wird, während das Heliumgas über den gesamten ersten Schritt zugeführt wird.

10. Verfahren zur Vitrifizierung nach Anspruch 8 oder Anspruch 9, wobei der Druck im Vakuumofen, wenn das Halo-
gengas oder das Halogenidgas zugeführt wird, durch Kontrolle der Menge des zugeführten Gases und der Eva-
kuierungskapazität einer Evakuierungsvorrichtung aus dem Vakuumofen eingestellt wird, und der Druck im Vaku-
umofen, wenn das Halogengas oder Halogenidgas nicht zugeführt wird, nur durch Kontrolle der Menge des zu-
geführten Gases eingestellt wird.

11. Verfahren zur Vitrifizierung nach Anspruch 8, wobei das Halogengas oder Halogenidgas der Innenseite des Muf-
felrohrs (1) und das Heliumgas der Außenseite des Muffelrohrs zugeführt wird.

12. Verfahren zur Vitrifizierung nach Anspruch 8, wobei das Halogengas oder Halogenidgas der Innenseite des Muf-
felrohrs (1) und das Heliumgas der Innenseite und der Außenseite des Muffelrohrs zugeführt wird.

13. Verfahren zur Vitrifizierung nach Anspruch 1, wobei die Grenze zwischen dem ersten Schritt und dem zweiten
Schritt einen bestimmten Zeitraum umfaßt, und die Menge des Gases, das mindestens ein inertes Gas umfaßt,
während dieses Zeitraums allmählich oder schrittweise verringert wird.

Revendications

1. Procédé de vitrification d'une préforme (5) en verre poreux, pour fibre optique, par chauffage de la préforme dans
un four en dépression comportant un tube de moufle (1), dans lequel la température de chauffage est augmentée
au cours d'une première étape sous une pression de 5 kPa ou moins, pendant qu'au moins un gaz inerte est
amené dans le four, et la température de chauffage est encore augmentée au cours d'une deuxième étape, dans
lequel le tube de moufle (1) est réalisé en carbone, la pression dans le four en dépression est ajustée en com-
mandant la quantité de gaz amenée au four en dépression plutôt qu'en limitant la capacité d'aspiration du moyen
d'aspiration, la pression à régler dans le four en dépression dans la première étape est au moins cinq fois aussi
élevée que la pression qui s'établit spontanément dans le four en dépression suite à la libération de gaz par la
préforme et le four en dépression, lorsque la préforme est vitrifiée sous dépression sans apport de gaz et au cours
de la deuxième étape, aucun gaz n'est amené dans le four en dépression dans lequel est maintenue une dépres-
sion.

2. Procédé de vitrification selon la revendication 1, dans lequel la limite entre la première étape et la deuxième étape
est fixée à une température comprise entre 1100°C et 1450°C.

3. Procédé de vitrification selon la revendication 1, dans lequel la pression dans le four en dépression au cours de
la première étape n'est pas inférieure à 20 Pa.

4. Procédé de vitrification selon la revendication 1, dans lequel la pression dans le four en dépression pendant la
deuxième étape n'est pas supérieure à 5 Pa.

5. Procédé de vitrification selon la revendication 1, dans lequel le gaz inerte est l'hélium gazeux.



EP 0 547 560 B2

5

10

15

20

25

30

35

40

45

50

55

12

6. Procédé de vitrification selon la revendication 5, dans lequel l'hélium gazeux est fourni à l'extérieur du tube de
moufle (1) du four en dépression.

7. Procédé de vitrification selon la revendication 5, dans lequel l'hélium gazeux est fourni à l'extérieur et à l'intérieur
du tube de moufle (1) du four en dépression.

8. Procédé de vitrification selon la revendication 1, dans lequel le gaz inerte est l'hélium gazeux, et un halogène
gazeux ou un halogénure gazeux est de plus fourni au cours de la première étape.

9. Procédé de vitrification selon la revendication 8, dans lequel l'halogène gazeux ou l'halogénure gazeux n'est fourni
que pendant une partie de la première étape, tandis que l'hélium gazeux est fourni pendant toute la première étape.

10. Procédé de vitrification selon la revendication 8 ou la revendication 9, dans lequel la pression dans le four en
dépression, lorsque l'halogène gazeux ou l'halogénure gazeux est fourni, est ajustée en commandant la quantité
de gaz fourni et la capacité d'aspiration d'un moyen d'aspiration du four en dépression, et la pression dans le four
en dépression lorsque l'halogène gazeux ou l'halogénure gazeux n'est pas fourni est ajustée en commandant
seulement la quantité du gaz fourni.

11. Procédé de vitrification selon la revendication 8, dans lequel l'halogène gazeux ou l'halogénure gazeux est fourni
à l'intérieur du tube de moufle (1), et l'hélium gazeux est fourni à l'extérieur du tube de moufle.

12. Procédé de vitrification selon la revendication 8, dans lequel l'halogène gazeux ou l'halogénure gazeux est fourni
à l'intérieur du tube de moufle (1), et l'hélium gazeux est fourni à l'intérieur et à l'extérieur du tube de moufle.

13. Procédé de vitrification selon la revendication 1, dans lequel la séparation entre la première étape et la deuxième
étape présente une certaine durée, et la quantité du gaz comportant au moins un gaz inerte est réduite progres-
sivement ou par étape pendant cette période.
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